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A compound of formula 

and salts and solvates thereof, Wherein R0, R1, and R2 are 
de?ned in the speci?cation. A compound of the present 
invention is a potent and selective inhibitor of cGMP 
speci?c PDE and has utility in a variety of therapeutic areas 
Where such inhibition is bene?cial. 
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TREATMENT METHOD USING A CGMP 
SPECIFIC PDE INHIBITOR 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of application Ser. No. 
08/981,966, ?led Jun. 8, 1998, now US. Pat. No. 6,001,847. 

This invention relates to a series of tetracyclic derivatives, 
to processes for their preparation, pharmaceutical composi 
tions containing them, and their use as therapeutic agents. In 
particular, the invention relates to tetracyclic derivatives 
Which are potent and selective inhibitors of cyclic guanosine 
3‘,5‘-monophosphate speci?c phosphodiesterase (cGMP 
speci?c PDE) having utility in a variety of therapeutic areas 
Where such inhibition is thought to be bene?cial, including 
the treatment of cardiovascular disorders. 

Thus, according to a ?rst aspect, the present invention 
provides compounds of formula (I) 

(I) 

and salts and solvates (e.g. hydrates) thereof, in Which: 
R0 represents hydrogen, halogen or C1_6 alkyl; 
R1 is selected from the group consisting of: 
(a) hydrogen; 
(b) C1_6alkyl optionally substituted by one or more sub 

stituents selected from phenyl, halogen, —CO2R“ and 
—NR“Rb; 

(c) C3_6cycloalkyl; 
(d) phenyl; and 
(e) a 5- or 6-membered heterocyclic ring containing at 

least one heteroatom selected from oXygen, nitrogen 
and sulphur, and being optionally substituted by one or 
more C1_6-alkyl, and optionally linked to the nitrogen 
atom to Which R1 is attached via C1_6alkyl; 

R2 is selected from the group consisting of: 

(g) phenyl optionally substituted by one or more substitu 
ents selected from —OR“, —NR“Rb, halogen, 
hydroXy, tri?uoromethyl, cyano and nitro; 

(h) a 5- or 6-membered heterocyclic ring containing at 
least one heteroatom selected from oXygen, nitrogen 
and sulphur; and 

(i) a bicyclic ring 

attached to the rest of the molecule via one of the benZene 
ring carbon atoms and Ais a 5- or 6-membered heterocyclic 
ring as de?ned in point (h); and 

R“ and Rb independently represent hydrogen or C1_6alkyl. 
The term “C1_6-alkyl” as used herein denotes any straight 

or branched alkyl chain containing 1 to 6 carbon atoms, and 
includes methyl, ethyl, n-propyl, iso-propyl, n-butyl, pentyl, 
heXyl and the like. 
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2 
The term “halogen” as used herein denotes ?uorine, 

chlorine, bromine and iodine. 
Aparticular group of compounds according to formula (I) 

are those wherein R0 represents any of hydrogen, methyl, 
bromine and ?uorine, although of course the de?nition of R0 
given in formula (I) includes Within its scope other C1_6alkyl 
and halogen groups. 

Aptly, R1 may represent a substituent selected from 
methyl, ethyl optionally substituted by one or more chlorine 
atoms, butyl, cycloheXyl and benZyl. 

Other suitable R1 substituents include hydrogen; 
cycloalkyl groups, such as cyclopropyl; C1_6alkyl, typically 
ethyl or propyl, substituted by an —NR“Rb substituent, such 
as a dimethylamino substituent; phenyl optionally linked to 
the nitrogen atom to Which R1 is attached via a C1_6-alkyl 
chain, such as ethyl or the like; and C1_6alkyl, e.g. methyl, 
substituted by —CO2R“, such as —CH2CO2Et or the like. 

Suitable heterocyclic rings Within the de?nition of R1 
include pyridyl, morpholinyl, piperaZinyl, pyrrolidinyl and 
piperidinyl. Generally such heterocyclic rings are linked to 
the nitrogen atom to Which R1 is attached via a C1_6alkyl 
chain, more appropriately a C1_4alkyl chain. 
A particularly apt substituent represented by R2 is 

0 

OJ 

Other suitable R2 substituents include thienyl, pyridyl, 
furyl and phenyl, Wherein phenyl can be substituted by one 
or more substituents selected from —OR“ (e.g. methoXy), 
—NR“Rb (e.g. dimethylamino), halogen (in particular chlo 
rine or ?uorine), hydroXy, tri?uoromethyl, cyano and nitro. 

Alternatively, R2 may represent a suitable C3_6cycloalkyl 
group, such as cycloheXyl or the like. 
The pharmaceutically acceptable salts of the compounds 

of formula (I) Which contain a basic centre are acid addition 
salts formed With pharmaceutically acceptable acids. 
Examples include the hydrochloride, hydrobromide, sul 
phate or bisulphate, phosphate or hydrogen phosphate, 
acetate, benZoate, succinate, fumarate, maleate, lactate, 
citrate, tartrate, gluconate, methanesulphonate, benZene 
sulphonate and p-toluenesulphonate salts. Compounds of the 
formula (I) can also provide pharmaceutically acceptable 
metal salts, in particular alkali metal salts, With bases. 
Examples include the sodium and potassium salts. 

It is to be understood that the present invention covers all 
appropriate combinations of particular and preferred group 
ings hereinabove. 

Particular individual compounds of the invention include: 
Cis-2-benZyl-5-(3,4-methylenedioXyphenyl)-5,6,11,11a 

tetrahydro-1H-imidaZo [1‘,5‘:1,6]pyrido[3,4-b]indole-1,3 
(2H)-dione; 

Trans-2-benZyl-5-(3,4-methylenedioXyphenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo [1‘,5‘:1,6]pyrido[3,4-b]indole-1,3 
(2H)-dione; 

Cis-5-(4-methoXyphenyl)-2-methyl-5,6,11,11a-tetrahydro 

dione; 
Cis-2-ethyl-5-(4-methoXyphenyl)-5,6,11,11a-tetrahydro 

1H-imidaZo[1‘,5‘: 1,6] pyrido[3,4-b]indole-1,3(2H) 
dione; 

Trans-2-ethyl-5-(4-methoXyphenyl)-5,6,11,11a-tetrahydro 
1H-imidaZo[1‘,5‘:1,6] pyrido[3,4-b]indole-1,3(2H)-dione; 
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Trans-5-(4-methoxyphenyl)-5,6,11,11a-tetrahydro-1H 
imidaZo[1‘,5‘:1,6] pyrido [3,4-b]indole-1,3 (2H)-dione; 

Cis-S-(4-methoxyphenyl)-5,6,11,11a-tetrahydro-1H 
imidaZo[1‘,5‘:1,6] pyrido [3,4-b]indole-1,3 (2H)-dione; 

and pharmaceutically acceptable salts and solvates thereof. 
Particularly preferred compounds of the invention are: 

(5R,11aR)-2-benZyl-5-(3,4-methylenedioxyphenyl)-5,6,11, 

indole-1,3(2H)-dione; 
Cis-2-cyclohexyl-5-(4-methoxyphenyl)-5,6,11,11a 

tetrahydro-lH-imidazo [1‘,5‘:1,6] pyrido[3,4-b]indole-1,3 
(2H)-dione; 

Trans-2-butyl-5-(4-methoxyphenyl)-5,6,11,11a-tetrahydro 

dione; 
Cis-2-benZyl-5-(3,4-methylenedioxyphenyl)-5,6,11,11a 

tetrahydro-lH-imidazo [1‘,5‘:1,6]pyrido[3,4-b]indole-1,3 
(2H)-dione; 

and pharmaceutically acceptable salts and solvates thereof. 
It has been shoWn that compounds of the present inven 

tion are potent and selective inhibitors of cGMP speci?c 
PDE. Thus, compounds of formula (I) are of interest for use 
in therapy, speci?cally for the treatment of a variety of 
conditions Where inhibition of cGMP speci?c PDE is 
thought to be bene?cial. 
As a consequence of the selective PDE V inhibition 

exhibited by compounds of the present invention, cGMP 
levels are elevated, Which in turn can give rise to bene?cial 
anti-platelet, anti-neutrophil, anti-vasospastic, vasodilatory, 
natriuretic and diuretic activities as Well as potentiation of 
the effects of endothelium-derived relaxing factor (EDRF), 
nitrovasodilators, atrial natriuretic factor (AN F), brain natri 
uretic peptide (BNP), C-type natriuretic peptide (CNP) and 
endothelium-dependent relaxing agents such as bradykinin, 
acetylcholine and 5-HT1. The compounds of formula (I) 
therefore have utility in the treatment of a number of 
disorders, including stable, unstable and variant 
(PrinZmetal) angina, hypertension, pulmonary hypertension, 
congestive heart failure, renal failure, atherosclerosis, con 
ditions of reduced blood vessel patency (e.g. post 
percutaneous transluminal coronary angioplasty), peripheral 
vascular disease, vascular disorders such as Raynaud’s 
disease, in?ammatory diseases, stroke, bronchitis, chronic 
asthma, allergic asthma, allergic rhinitis, glaucoma, erectile 
dysfunction and diseases characterised by disorders of gut 
motility (e.g. irritable boWel syndrome). 

It Will be appreciated that references herein to treatment 
extend to prophylaxis as Well as treatment of established 
conditions. 

It Will also be appreciated that ‘a compound of formula 
(I),’ or a physiologically acceptable salt or solvate thereof 
can be administered as the raW compound, or as a pharma 
ceutical composition containing either entity. 

There is thus provided as a further aspect of the invention 
a compound of formula (I) for use in the treatment of stable, 
unstable and variant (PrinZmetal) angina, hypertension, pul 
monary hypertension, chronic obstructive pulmonary 
disease, congestive heart failure, renal failure, 
atherosclerosis, conditions of reduced blood vessel patency, 
(e.g. post-PTCA), peripheral vascular disease, vascular dis 
orders such as Raynaud’s disease, in?ammatory diseases, 
stroke, bronchitis, chronic asthma, allergic asthma, allergic 
rhinitis, glaucoma, erectile dysfunction or diseases charac 
terised by disorders of gut motility (e.g. IBS). 

According to another aspect of the invention, there is 
provided the use of a compound of formula (I) for the 
manufacture of a medicament for the treatment of stable, 
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6 
unstable and variant (PrinZmetal) angina, hypertension, pul 
monary hypertension, chronic obstructive pulmonary 
disease, congestive heart failure, renal failure, 
atherosclerosis, conditions of reduced blood vessel patency, 
(e.g. post-PTCA), peripheral vascular disease, vascular dis 
orders such as Raynaud’s disease, in?ammatory diseases, 
stroke, bronchitis, chronic asthma, allergic asthma, allergic 
rhinitis, glaucoma, erectile dysfunction or diseases charac 
terised by disorders of gut motility (e.g. IBS). 

In a further aspect, the invention provides a method of 
treating stable, unstable and variant (PrinZmetal) angina, 
hypertension, pulmonary hypertension, chronic obstructive 
pulmonary disease, congestive heart failure, renal failure, 
atherosclerosis, conditions of reduced blood vessel patency, 
(e.g. post-PTCA), peripheral vascular disease, vascular dis 
orders such as Raynaud’s disease, in?ammatory diseases, 
stroke, bronchitis, chronic asthma, allergic asthma, allergic 
rhinitis, glaucoma, erectile dysfunction or diseases charac 
terised by disorders of gut motility (e.g. IBS) in a human or 
non-human animal body Which comprises administering to 
said body a therapeutically effective amount of a compound 
With formula 
Compounds of the invention may be administered by any 

suitable route, for example by oral, buccal, sub-lingual, 
rectal, vaginal, nasal, topical or parenteral (including 
intravenous, intramuscular, subcutaneous and intracoronary) 
administration. Oral administration is generally preferred. 

For administration to man in the curative or prophylactic 
treatment of the disorders identi?ed above, oral dosages of 
a compound of formula (I) Will generally be in the range of 
from 0.5—800 mg daily for an average adult patient (70 kg). 
Thus for a typical adult patient, individual tablets or capsules 
contain from 0.2—400 mg of active compound, in a suitable 
pharmaceutically acceptable vehicle or carrier, for adminis 
tration in single or multiple doses, once or several times per 
day. Dosages for intravenous, buccal or sublingual admin 
istration Will typically be Within the range of from 0.1—400 
mg per single dose as required. In practice the physician Will 
determine the actual dosing regimen Which Will be most 
suitable for an individual patient and it Will vary With the 
age, Weight and response of the particular patient. The above 
dosages are exemplary of the average case but there can be 
individual instances in Which higher or loWer dosage ranges 
may be merited, and such are Within the scope of this 
invention. 

For human use, a compound of the formula (I) can be 
administered alone, but Will generally be administered in 
admixture With a pharmaceutical carrier selected With regard 
to the intended route of administration and standard phar 
maceutical practice. For example, the compound may be 
administered orally, buccally or sublingually, in the form of 
tablets containing excipients such as starch or lactose, or in 
capsules or ovules either alone or in admixture With 
excipients, or in the form of elixirs or suspensions contain 
ing ?avouring or colouring agents. Such liquid preparations 
may be prepared With pharmaceutically acceptable additives 
such as suspending agents (e.g. methylcellulose, a semi 
synthetic glyceride such as Witepsol or mixtures of glycer 
ides such as a mixture of apricot kernel oil and PEG-6 esters 
or mixtures of PEG-8 and caprylicicapric glycerides). A 
compound may also be injected parenterally, for example 
intravenously, intramuscularly, subcutaneously or intracoro 
narily. For parenteral administration, the compound is best 
used in the form of a sterile aqueous solution Which may 
contain other substances, for example salts, or monosaccha 
rides such as mannitol or glucose, to make the solution 
isotonic With blood. 
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Thus, the invention provides in a further aspect a phar 
maceutical composition comprising a compound of the 
formula (I) together With a pharmaceutically acceptable 
diluent or carrier therefor. 

There is further provided by the present invention a 
process of preparing a pharmaceutical composition compris 
ing a compound of formula (I), Which process comprises 
mixing a compound of formula (I) together With a pharma 
ceutically acceptable diluent or carrier therefor. 

A compound of formula (I) may also be used in combi 
nation With other therapeutic agents Which may be useful in 
the treatment of the above-mentioned disease states. The 
invention thus provides, in another aspect, a combination of 
a compound of formula (I) together With another therapeu 
tically active agent. 

The combination referred to above may conveniently be 
presented for use in the form of a pharmaceutical formula 
tion and thus pharmaceutical compositions comprising a 
combination as de?ned above together With a pharmaceuti 
cally acceptable diluent or carrier comprise a further aspect 
of the invention. 

The individual components of such a combination may 
also be administered either sequentially or simultaneously in 
separate pharmaceutical formulations. 

Appropriate doses of knoWn therapeutic agents for use in 
combination With a compound of formula (I) Will be readily 
appreciated by those skilled in the art. 
Compounds of formula (I) may be prepared by any 

suitable method knoWn in the art or by the folloWing 
processes Which form part of the present invention. In the 
methods beloW R0, R1 and R2 are as de?ned in formula (I) 
above unless otherWise indicated. 

Thus, a process (A) for preparing a compound of formula 
(I) comprises reacting a compound of formula (II) 

<11) 

With an isocyanate of formula R1—N=C=O, in the pres 
ence of a suitable organic solvent, such as a ketone solvent, 
e.g. butanone, acetone or the like, and under re?ux for 
several hours, eg 14 to 16 hours. Alk as used herein 
represents a C1_6-alkyl group, eg methyl. 
Compounds of formula (I) may be prepared as individual 

enantiomers in tWo steps from the appropriate enantiomer of 
formula (III) or as mixtures (e.g. racemates) of either pairs 
of cis or trans isomers from the corresponding mixtures of 
either pairs of cis or trans isomers of formula (III). 

Individual enantiomers of the compounds of the invention 
may be prepared from racemates by resolution using meth 
ods knoWn in the art for the separation of racemic mixtures 
into their constituent enantiomers, for example using HPLC 
(high performance liquid chromatography) on a chiral col 
umn such as Hypersil naphthylurea. 

A compound of formula (II) may conveniently be pre 
pared from a tryptophan derivative, such as an alkyl ester 
thereof of formula (III) 
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(III) 

OAlk 

(Where Alk is as previously de?ned) or a salt thereof (e. g. the 
hydrochloride salt) according to either of the folloWing 
procedures (a) and Procedure (b) is only suitable for 
preparing cis isomers of formula (III) and may be particu 
larly suitable for preparing individual cis enantiomers of 
formula (III) from D- or L-tryptophan alkyl esters as appro 
priate. 
Procedure (a) 

This comprises a Pictet-Spengler cyclisation betWeen a 
compound of formula (III) and an aldehyde RZCHO. The 
reaction may conveniently be effected in a suitable solvent 
such as a halogenated hydrocarbon (e.g. dichloromethane) 
or an aromatic hydrocarbon (e.g. toluene) in the presence of 
an acid such as tri?uoroacetic acid. The reaction may 
conveniently be carried out at a temperature of from —20° C. 
to re?ux to provide a compound of formula (II) in one step. 
The reaction may also be carried out in a solvent such as an 

aromatic hydrocarbon (e. g. benZene or toluene) under re?ux, 
optionally using a Dean-Stark apparatus to trap the Water 
produced. 

The reaction provides a mixture of cis and trans isomers 
Which may be either individual enantiomers or racemates of 
pairs of cis or trans isomers depending upon Whether race 
mic or enantiomerically pure tryptophan alkyl ester Was 
used as the starting material. Individual cis or trans enanti 
omers may conveniently be separated from mixtures thereof 
by fractional crystallisation or by chromatography (e.g. ?ash 
column chromatography) using appropriate solvents and 
eluents. Similarly, pairs of cis and trans isomers may be 
separated by chromatography (e.g. ?ash column 
chromatography) using appropriate eluents. An optically 
pure trans isomer may also be converted to an optically pure 
cis isomer using suitable epimerisation procedures. One 
such procedure comprises treating the trans isomer or a 
mixture (e.g. 1:1 mixture) of cis and trans isomers With 
methanolic or aqueous hydrogen chloride at a temperature of 
from 0° C. to the re?uxing temperature of the solution. The 
mixture may then be subjected to chromatography (e.g. ?ash 
column chromatography) to separate the resulting 
diastereoisomers, or in the procedure utilising aqueous 
hydrogen chloride the desired cis isomer precipitates out as 
the hydrochloride salt Which may then be isolated by ?ltra 
tion. 

Procedure (b) 
This comprises a four-step procedure from a compound of 

formula (III) or a salt thereof (e.g. the hydrochloride salt). 
The procedure is particularly suitable for preparing a 1R, 3R 
isomer of formula (III) from a D-tryptophan alkyl ester of 
formula (IV) or a salt thereof (e.g. the hydrochloride salt). 
Thus, a ?rst step comprises treating a compound of 
formula (IV) With an acid halide RzCOHal (Where Hal is as 
previously de?ned) in the presence of a base, eg an organic 
base such as a trialkylamine (for example triethylamine), to 
provide a compound of formula (IV) 
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(IV) 

OAlk 

R"/ I I NHCORZ 

E2 

The reaction may be conveniently carried out in a suitable 
solvent such as a halogenated hydrocarbon (e.g. 
dichloromethane) or an ether (e.g. tetrahydrofuran) and at a 
temperature of from —20° C. to +4° C. 

Step (ii) comprises treating a compound of formula (IV) 
With an agent to convert the amide group to a thioamide 

group. Suitable sulphurating agents are Well-known in the 
art. Thus, for example, the reaction may conveniently be 
effected by treating (IV) With LaWesson’s reagent. This 
reaction may conveniently be carried out in a suitable 
solvent such as an ether (e.g. dimethoxyethane) or an 

aromatic hydrocarbon (e.g. toluene) at an elevated tempera 
ture such as from 40° C. to 80° C. to provide a compound 
of formula (V) 

(V) 
o 

Ro\/ I I OAlk 
\ NHCSRZ 

EZ 

Step (iii) comprises treating a compound of formula (V) 
With a suitable agent to provide a compound of formula (VI) 

(VI) 

(Where Hal is a halogen atom, e.g. iodine). The reaction may 
conveniently be effected by treating (VI) With an alkylating 
agent such as a methyl halide (e. g. methyl iodide) or an 
acylating agent such as an acetyl halide (e. g. acetyl chloride) 
in a suitable solvent such as a halogenated hydrocarbon (e.g. 

dichloromethane) at an elevated temperature (e. g. under 
re?ux). 

In step (iv) the resulting iminium halide of formula (VI) 
may be treated With a reducing-agent such as boron hydride, 
eg sodium borohydride, to provide the desired compound 
of formula (II). The reduction may conveniently be effected 
at a loW temperature, eg Within the range of —100° C. to 0° 

C., in a suitable solvent such as an alcohol (e.g. methanol). 

According to a second process (B), a compound of 
formula (I) may be prepared by reaction of a compound of 
formula (VII) 
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10 

(VII) 

OAlk 

Where Alk is as previously de?ned, With the imidaZolide of 
R1—NH2 under suitable conditions. Compounds of formula 
(VII) are knoWn in the art and may be made by standard 
methods. 

According to a third process (C), a compound of formula 
(I) Where R1 represents hydrogen may be prepared by 
reacting a compound of formula (VII) With urea at elevated 
temperature. 
The pharmaceutically acceptable acid addition salts of the 

compounds of formula (I) Which contain a basic centre may 
be prepared in a conventional manner. For example, a 
solution of the free base may be treated With a suitable acid, 
either neat or in a suitable solution, and the resulting salt 
isolated either by ?ltration or by evaporation under vacuum 
of the reaction solvent. Pharmaceutically acceptable base 
addition salts may be obtained in an analogous manner by 
treating a solution of a compound of formula (I) With a 
suitable base. Both types of salt may be formed or inter 
converted using ion-exchange resin techniques. 
Compounds of the invention may be isolated in associa 

tion With solvent molecules by crystallisation from or evapo 
ration of an appropriate solvent. 

Thus, according to a further aspect of the invention, We 
provide a process (D) for preparing a compound of formula 
(I) or a salt or solvate (e. g. hydrate) thereof Which comprises 
process (A) as hereinbefore described folloWed by 

i) an interconversion step; and/or either 
ii) salt formation; or 
iii) solvate (e.g. hydrate) formation. 
The synthesis of the compounds of the invention and of 

the intermediates for use therein are illustrated by the 
folloWing, non-limiting Examples. 

Intermediates 1 and 2 

Methyl 1,2,3,4-tetrahydro-1-(3 4 
methylenedioxyphenyl)-9H-pyrido[3,4-b]indole-3 

carboxylate, cis and trans isomers 

To a stirred solution of racemic tryptophan methyl ester 
(13 g) and piperonal (9.7 g) in anhydrous CH2Cl2 (300 mL) 
cooled at 0° C. Was added dropWise tri?uoroacetic acid (9 
mL) and the solution Was alloWed to react at ambient 
temperature. After 4 days, the yelloW solution Was diluted 
With CH2Cl2 (100 mL), Washed With a saturated aqueous 
solution of NaHCO3, then With Water and dried over 
Na2SO4. The organic layer Was evaporated to dryness under 
reduced pressure and the residue Was puri?ed by ?ash 
chromatography eluting With CH2Cl2/MeOH (99/1) to give 
?rst Intermediate 1, the cis isomer (6.5 g) m.p.: 90—93° C. 
folloWed by Intermediate 2, the trans isomer (6.4 g) m.p.: 
170° C. 
The folloWing compounds Were obtained in a similar man 
ner: 

Intermediates 3 and 4 

Methyl 1,2,3,4-tetrahydro-1-(4-methoxyphenyl)-9H 
pyrido[3,4-b]indole-3-carboxylate, cis and trans 

isomers 

The same method as employed in the preparation of 
Intermediates 1 and 2 but starting from racemic tryptophan 
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methyl ester and 4-methoXybenZaldehyde gave Intermediate 
3, the cis isomer as White crystals m.p.: 142° C. and 
Intermediate 4, the trans isomer as White crystals m.p.: 
209—210° C. 

Intermediates 5 and 6 

Methyl 1,2,3,4-tetrahydro-1-(2-thienyl)-9H-pyrido 
[3,4-b]indole-3-carboXylate, cis and trans isomers 

The same method as employed in the preparation of 
Intermediates 1 and 2 but starting from racemic tryptophan 
methyl ester and 2-thiophenecarboXaldehyde gave Interme 
diate 5, the cis isomer as a pale yelloW solid mp: 134—137° 
C. and Intermediate 6, the trans isomer as White crystals 
m.p.: 169° C. 

Intermediate 7 

Ethyl 1,2,3,4-tetrahydro-1-(4 
dimethylaminophenyl)-9H-pyrido[3,4-b]indole-3 
carboXylate, mixture of cis and trans isomers 

The same method as employed in the preparation of 
Intermediates 1 and 2 but starting from racemic tryptophan 
ethyl ester and 4-dimethylaminobenZaldehyde gave the title 
compound as White crystals m.p.: 170° C. 

Intermediates 8 and 9 

Methyl 1,2,3,4-tetrahydro-6-?uoro-1-(4 
methoXyphenyl)-9H-pyrido[3,4-b]indole-3-carboXylate, cis 
and trans isomers 

The same method as employed in the preparation of 
Intermediates 1 and 2 but starting from racemic 5-?uoro 
tryptophan methyl ester and 4-methoXybenZaldehyde gave 
Intermediate 8, the cis isomer as a solid 1H NMR (CDCl3) 
6 (ppm) : 7.4—6.8 (m, 8H) ; 5.15 (brs, 1H); 3.9 (dd, 1H) 3.8 
(s, 3H); 3.2—2.9 (m, 2H) and Intermediate 9, the trans isomer 
as a solid mp: 1970 C. 

Intermediates 10 and 11 

Methyl 1,2,3,4-tetrahydro-1-(4-chlorophenyl)-9H 
pyrido[3,4-b]indole-3-carboXylate, cis and trans 

isomers 

The same method as employed in the preparation of 
Intermediates 1 and 2 but starting from racemic tryptophan 
methyl ester and 4-chlorobenZaldehyde gave Intermediate 
10, the cis isomer as White crystals m.p.: 208—209° C. and 
Intermediate 11, the trans isomer as White crystals m.p.: 
108—109° C. 

Intermediates 12 and 13 

Methyl 1,2,3,4-tetrahydro-1-(4 
tri?uoromethylphenyl)-9H-pyrido[3,4-b]indole-3 

carboXylate, cis and trans isomers 

The same method but starting from racemic tryptophan 
methyl ester and 4-tri?uoromethylbenZaldehyde gave Inter 
mediate 12, the cis isomer as pale yelloW crystals mp: 1900 
C. and Intermediate 13, the trans isomer as pale yelloW 
crystals m.p.: 203° C. 

Intermediates 14 and 15 

Ethyl 1,2,3,4-tetrahydro-1-(4-cyanophenyl)-9H 
pyrido[3,4-b]indole-3-carboXylate, cis and trans 

isomers 

The same method but starting from racemic tryptophan 
ethyl ester and 4-cyanobenZaldehyde gave Intermediate 14, 
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12 
the cis isomer as White crystals m.p.: 200° C. and Interme 
diate 15, the trans isomer as White crystals m.p.: 156° C. 

Intermediates 16 and 17 

Ethyl 1,2,3,4-tetrahydro-1-(4-nitrophenyl)-9H 
pyrido[3,4-b]indole-3-carboXylate, cis and trans 

isomers 

The same method but starting from racemic tryptophan 
ethyl ester and 4-nitrobenZaldehyde gave Intermediate 16, 
the cis isomer as yelloW crystals m.p.: 168° C. and Inter 
mediate 17, the trans isomer as yelloW crystals m.p.: 195° C. 

Intermediates 18 and 19 

Ethyl 1,2,3,4-tetrahydro-1-(3-pyridyl)-9H-pyrido[3,4-b] 
indole-3-carboXylate, cis and trans isomers 
The same method but starting from racemic tryptophan 

ethyl ester and 3-pyridinecarboXaldehyde gave Intermediate 
18, the cis isomer as pale yelloW crystals m.p.: 230—232° C. 
and Intermediate 19, the trans isomer as White crystals m.p.: 
210—214° C. 

Intermediates 20 and 21 

Ethyl 1,2,3,4-tetrahydro-1-(3-thienyl)-9H-pyrido[3, 
4-b]indole-3-carboXylate, cis and trans isomers 

The same method as employed in the preparation of 
Intermediates 1 and 2 but starting from racemic tryptophan 
ethyl ester and 3-thiophenecarboXaldehyde gave Intermedi 
ate 20, the cis isomer as White crystals m.p.: 130° C. and 
Intermediate 21, the trans isomer as White crystals m.p.: 
182—184° C. 

Intermediate 22 

Methyl 1,2,3,4-tetrahydro-1-(3-furyl)-9H-pyrido[3,4-b] 
indole-3-carboXylate, mixture of cis and trans isomers 
The same method but starting from racemic tryptophan 

methyl ester and 3-furaldehyde gave the title compound as 
a yelloW solid mp: 130° C. 

Intermediates 23 and 24 

(1R,3R)-Methyl 1,2,3,4-tetrahydro-1-(3,4 
methylenedioXyphenyl)-9H-pyrido[3,4-b]indole-3 

carboXylate, cis isomer and 

(1S,3R)-methyl 1,2,3,4-tetrahydro-1-(3,4 
methylenedioXyphenyl)-9H-pyrido[3,4-b]indole-3 

carboXylate trans isomer 

To a stirred solution of D-tryptophan methyl ester (11 g) 
and piperonal (7.9 g) in anhydrous CH2Cl2 (400 mL) cooled 
at 0° C. Was added dropWise tri?uoroacetic acid (7.7 mL) 
and the solution Was alloWed to react at ambient tempera 
ture. After 4 days, the yelloW solution Was diluted With 
CH2Cl2 (200 mL) and Washed With a saturated aqueous 
solution of NaHCO3, then With Water (3x200 mL) and dried 
over Na2SO4. The organic layer Was evaporated under 
reduced pressure and the residue Was puri?ed by ?ash 
chromatography eluting With dichloromethane/ethyl acetate 
(97/3) to give ?rst Intermediate 23, the cis isomer (6.5 g) 
m.p.: 154° C. folloWed by Intermediate 24, the trans isomer 
(8.4 g) m.p.: 188° C. 

Intermediate 25 

Ethyl 1,2,3,4-tetrahydro-6-methyl-1-phenyl-9H 
pyrido[3,4-b]indole-3-carboXylate, cis and trans 

isomers 

To a stirred miXture of racemic 5-methyl-tryptophan (4 g) 
in 1N HZSO4 (18 mL) and Water (54 mL) Was added 
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benZaldehyde (2 mL) and the solution Was heated at 80° C. 
under N2 for 48 hours. The precipitated product Was col 
lected by ?ltration, Washed With Water and dried. The crude 
acid (4.5 g) Was then dissolved in ethanol (100 mL) and the 
solution Was cooled at —10° C. Thionyl chloride (1.2 mL) 
Was added dropWise to the solution and the mixture Was 
heated at 60° C. for 48 hours. The solvent Was removed 
under reduced pressure and the residue Was taken up in ice 
Water and basi?ed With NH4OH. The precipited compound 
Was Washed With Water, dried and puri?ed by ?ash chroma 
tography eluting With dichloromethane/methanol (98/2) to 
give ?rst the cis isomer (1.7 g) m.p.: 128—130° C., folloWed 
by the trans isomer (0.53 g) m.p.: 198—200° C. 

Intermediate 26 

Ethyl 1,2,3,4-tetrahydro-6-bromo-1-phenyl-9H-pyrido[3, 
4-b]indole-3-carboxylate, cis and trans isomers 

The same procedure as described in the preparation of 
Intermediate 25 but starting from racemic 5-bromo 
tryptophan and benZaldehyde gave the cis isomer as White 
crystals m.p.: 157—160° C. and the trans isomer as White 
crystals m.p.: 212—216° C. 

Intermediate 27 

Methyl 1,2,3,4-tetrahydro-1-(3-chlorophenyl)-9H-pyrido 
[3,4-b]indole-3-carboxylate, mixture of cis and trans iso 
mers 

The same method as employed in the preparation of 
intermediate 1 and 2 but starting from racemic tryptophan 
methyl ester and 3-chlorobenZaldehyde gave the title com 
pound as White solid m.p.: 150—160° C. 

Intermediate 28 

Methyl 1,2,3,4-tetrahydro-1-(4-?uorophenyl)-9H 
pyrido[3,4-b]indole-3-carboxylate, cis and trans 

isomers 

The same method as employed in the preparation of 
intermediate 1 and 2 but starting from racemic tryptophan 
methyl ester and 4-?uorobenZaldehyde gave the cis isomer 
as White crystals m.p.: 92° C. and the trans isomer as pale 
yelloW crystals m.p.: 183° C. 

Intermediate 29 

Methyl 1,2,3,4-tetrahydro-1-(4-hydroxyphenyl)-9H 
pyrido[3,4-b]indole-3-carboxylate, trans isomer 

To a stirred solution of racemic tryptophan methyl ester (3 
g ) and 4-hydroxybenZaldehyde (1.84 g) in anhydrous 
dichloromethane (50 mL) cooled at 0° C. Was added drop 
Wise tri?uoroacetic acid (1.27 mL) and the solution Was 
alloWed to react at ambient temperature. After 22 hours, the 
solution Was Washed With a saturated solution of NaHCO3, 
then With Water, dried over NaZSO4 and evaporated to 
dryness. The residue Was puri?ed by ?ash chromatography 
eluting With ethyl acetate to give the title compound (3.48 g) 
as an off-White solid m.p.: 233—235° C. 

Example 1 

Cis-2-benZyl-5-(3,4methylenedioxyphenyl)-5,6,11, 
11a-tetrahydro-1H-imidaZo [1‘,5‘:1,6]pyrido[3,4-b] 

indole-1,3(2H)-dione and 
Trans-2-benZyl-5-(3,4-methylenedioxyphenyl)-5,6, 
11,11a-tetrahydro-1H-imidaZo [1‘,5‘:1,6]pyrido[3,4 

b]indole-1,3(2H)-dione 
To a stirred solution of a mixture of cis and trans isomers 

of Intermediates 1 and 2 (1g, 2.85 mmol) in 2-butanone (50 
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14 
mL) Was added dropWise benZyl isocyanate (0.37 mL, 2.99 
mmol) and the mixture Was re?uxed for 15 hours. The 
solvent Was then removed under reduced pressure and the 
residue Was puri?ed by ?ash chromatography eluting With 
toluene/ethyl acetate: 85/15 to give ?rst, the trans isomer 
(240 mg) as White crystals after recrystallisation from 
diethyl ether. m.p.: 208—210° C. Analysis for C27H21N3O4: 
Calculated: C,71.83;H,4.69;N,9.31; Found:C,71.46;H, 
4.77;N,9.24%. 
and folloWed by the cis isomer (470 mg) as White crystals 
after recrystallisation from ethanol. m.p.: 159—161° C. 
Analysis for C27H21N3O4: Calculated: C,71.83;H,4.69;N, 
9.31; Found:C,71.79;H,4.80;N,9.09%. 

Example 2 

Cis-5 -(4-methoxyphenyl) -2-methyl-5 ,6,11 ,1 1 a 
tetrahydro- 1H-imidaZo [1‘,5‘ : 1 ,6] pyrido[3,4-b] 

indole-1 ,3(2H) -dione 

The same method as employed in the preparation of 
Example 1 but starting from Intermediate 3 and methyl 
isocyanate gave after recrystallisation from ethanol, the title 
compound as White crystals m.p.: 233—240° C. Analysis for 
C21H19N3O3: Calculated: C,69.79;H,5.30;N,11.63; 
Found:C,69.63;H,5.29;N,1168%. 

Example 3 

Cis-2-ethyl-5-(4-methoxyphenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo[1‘,5‘:1,6] pyrido[3,4-b] 

indole-1,3(2H)-dione and 

Trans-2-ethyl-5-(4methoxyphenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo[1‘,5‘:1,6] pyrido[3,4-b] 

indole-1 ,3(2H) -dione 

The same method as employed in the preparation of 
Example 1 but starting from a mixture of Intermediates 3 
and 4 and ethyl isocyanate gave the cis isomer as White 
crystals after recrystallisation from ethanol m.p.: 210—220° 
C.Analysis for C22H21N3O3: Calculated: C,70.38;H,5.64;N, 
11.19; Found:C,69.97;H,5.71 ;N, 10.83%. 
and the trans isomer as White crystals after recrystallisation 
from 2-propanol m.p.: 245—248° C. Analysis for 
C22H21N3O3: Calculated: C,70.38;H,5.64;N,11.19; 
Found:C,70.28;H,5.76;N,11.22%. 

Example 4 

Trans-2-ethyl-5 -(3,4-methylenedioxyphenyl) -5 ,6,1 1, 
1 1a-tetrahydro- 1H-imidaZo [1 ‘,5‘ : 1 ,6]pyrido[3,4-b] 

indole-1 ,3(2H) -dione 

The same method as employed in the preparation of 
Example 1 but starting from the Intermediate 2 and ethyl 
isocyanate gave after recrystallisation from ethyl acetate/ 
hexane, the title compound as White crystals m.p.: 238° C. 
Analysis for C22H19N3O4: Calculated: C,67.86;H,4.92;N, 
10.79; Found:C,68.32;H,4.90;N, 10.90%. 

Example 5 

Trans-2-ethyl-5-(2-thienyl)-5,6,11,11a-tetrahydro 
1H-imidaZo[1‘,5‘:1,6] pyrido [3,4-b]indole-1,3(2H) 

dione 

The same method as employed in the preparation of 
Example 1 but starting from Intermediate 6 and ethyl 
isocyanate gave after recrystallisation from 2-propanol, the 
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title compound as White crystals m.p.: 242—248‘ C. Analysis 
for C19H17N3O2S: Calculated: C,64.94;H,4.88;N,11.96; 
Found:C,64.79;H,5.00;N,1188%. 

Example 6 

Trans-5 -(4-dimethylaminophenyl)-2-ethyl-5 ,6,11 , 
1 1a-tetrahydro- 1H-imidaZo [1 ‘,5‘ : 1 ,6] pyrido[3,4-b] 

indole- 1,3(2H)-dione 

The same method as employed in the preparation of 
Example 1 but starting from a mixture of cis and trans 
isomers of Intermediate 7 and ethyl isocyanate gave after 
recrystallisabon from methanol, the title compound as White 
crystals m.p.: 262—265° C. Analysis for C23H24N4O2: Cal 
culated: C,71.11;H,6.23;N,14.42; Found:C,71.01;H,6.29;N, 
14.49%. 

Example 7 

Trans-2-butyl-9-methyl-5 -phenyl-5 ,6,11 ,1 1a 
tetrahydro-1H-imidaZo[1‘,5‘: 1 ,6] pyrido[3,4-b] 

indole- 1,3(2H)-dione 

The same method as employed in the preparation of 
Example 1 but starting from the trans isomer of Intermediate 
25 and butyl isocyanate gave after recrystallisation from 
diisopropyl ether, the title compound as White crystals m.p.: 
196—198° C. Analysis for C24H25N3O2: Calculated: 
C,74.39;H,6.50;N,10.84; Found:C,74.38;H,6.52;N, 10.63%. 

Example 8 

Trans-9-bromo-2-butyl-5 -phenyl-5,6,11 ,1 1a 
tetrahydro-1H-imidaZo[1‘,5‘: 1 ,6] pyrido[3,4-b] 

indole1 ,3(2H) -dione 

The same method as employed in the preparation of 
Example 1 but starting from the trans isomer of Intermediate 
26 and butyl isocyanate gave after recrystallisation from 
diisopropyl ether, the title compound as White crystals m.p.: 
207—210° C. Analysis for C23H22BrN3O2: Calculated: 
C,61.07;H,4.90;Br,17.66;N,9.29; Found:C,61.28;H,4.95;Br, 
17.53;N,9.10%. 

Example 9 

Cis-2-butyl-5 -(4-methoxyphenyl)-5 ,6, 11 ,11 a 
tetrahydro-1H-imidaZo [1‘,5‘ : 1 ,6] pyrido[3,4-b] 

indole- 1,3(2H)-dione 

The same method as employed in the preparation of 
Example 1 but starting from the Intermediate 3 and butyl 
isocyanate gave after recrystallisation from methanol, the 
title compound as White crystals m.p.; 220—225° C. Analysis 
for C24H25N3O3: Calculated: C,71.44;H,6.25;N,10.41; 
Found:C,71.56;H,6.23;N,10.36%. 

Example 10 

Trans-2-butyl-5 -(4-methoxyphenyl)-5 ,6, 11 ,11 a 
tetrahydro-1H-imidaZo [1‘,5‘ : 1 ,6] pyrido[3,4-b] 

indole- 1 ,3(2H)dione 

The same method as employed in the preparation of 
Example 1 but starting from the Intermediate 4 and butyl 
isocyanate gave after recrystallisation from ethanol/Water, 
the title compound as White crystals m.p.: 173—174° C. 
Analysis for C24H25N3O3: Calculated: C,71.44;H,6.25;N, 
10.41; Found:C,71.53;H,6.20;N,10.28%. 
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Example 11 

Cis-2-butyl-9-?uoro-5 -(4-methoxyphenyl)-5,6,11, 
11a-tetrahydro-1H-imidaZo [1‘,5‘:1,6] pyrido[3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 8 and butyl 
isocyanate gave after recrystallisation from methanol, the 
title compound as White crystals m.p.: 125—130° C. 

Analysis for C24H24FN3O3 (0.3H2O): Calculated: 
C,67.53;H,5.81;N,9.84; 

Found:C,67.19;H,5.74,N,9.85%. 

Example 12 

Trans-2-butyl-9-?uoro-5 -(4-methoxyphenyl)-5,6,11, 
11a-tetrahydro-1H-imidaZo [1‘,5‘:1,6] pyrido[3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from the Intermediate 9 and butyl 
isocyanate gave after recrystallisation from diisopropyl 
ether/pentane, the title compound as White crystals m.p.: 
187—189° C. Analysis for C24H24FN3O3: Calculated: 
C,68.39;H,5.74;N,9.97; Found:C,68.61 ;H,5.71 ;N,10.04%. 

Example 13 

Trans-2-butyl-5 -(3,4-methylenedioxyphenyl) -5 ,6,1 1, 
11 a-tetrahydro-1H-imidaZo [1 ‘,5‘: 1,6] pyrido[3,4-b] 

indole-1 ,3(2H) -dione 

The same method as employed in the preparation of 
Example 1 but starting from Intermediate 2 and butyl 
isocyanate gave after recrystallisation from 2-propanol, the 
title compound as White crystals m.p.: 152° C. Analysis for 
C24H23N3O4: Calculated: C,69.05;H,5.55;N,10.07; 
Found:C,68.93;H,5.49;N,9.99%. 

Example 14 

Cis-2-butyl-5-(3-chlorophenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo[1‘,5‘:1,6]pyrido [3,4-b] 

indole-1,3(2H)-dione and 

Trans-2-butyl-5-(3-chlorophenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo[1‘,5‘: 1,6] pyrido [3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from a mixture of cis and trans 
isomers of Intermediate 27 and butyl isocyanate gave the cis 
isomer as pale yelloW crystals after recrystallisation from 
diethyl ether/cyclohexane m.p.: 215—217° C. Analysis for 
C23H22ClN3O2: Calculated: C,67.73;H,5.44;Cl,8.69;N, 
10.30; Found:C,67.62;H,5.49;Cl,8.59;N,10.03%. 
and the trans isomer as White crystals after recrystallisation 
from ethanol m.p.: 207—209° C. Analysis for 
C23H22ClN3O2: Calculated: C,67.73;H,5.44;Cl,8.69;N, 
10.30; Found:C,67.60;H,5.41 ;Cl,8.77;N,10.20%. 

Example 15 

Cis-2-butyl-5-(4chlorophenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo [1‘,5 ‘:1,6] pyrido [3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 10 and butyl 
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isocyanate gave after recrystallisation from methanol, the 
title compound as pale yelloW crystals m.p.: 252° C. Analy 
sis for C23H22ClN3O2: Calculated: C,67.73;H,5.44;Cl, 
8.69;N,10.30; Found:C,67.60;H,5.44;Cl,8.55;N,10.30%. 

Example 16 

Trans-2-butyl-5-(4-chlorophenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo [1‘,5‘:1,6] pyrido[3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 11 and butyl 
isocyanate gave after recrystallisation from methanol, the 
title compound as pale yelloW crystals m.p.: 174° C. Analy 
sis for C23H22ClN3O2: Calculated: C,67.73;H,5.44;Cl, 
8.69;N,10.30; Found:C,67.75;H,5.49;Cl,8.75;N, 10.46% 

Example 17 

Trans-2-butyl-5 -(4-?uorophenyl)-5 ,6,11 ,1 1a 
tetrahydro-1H-imidaZo[1‘,5‘: 1 ,6] pyrido [3,4-b] 

indole- 1,3(2H)-dione 

The same method as employed in the preparation of 
Example 1 but starting from the trans isomer of Intermediate 
28 and butyl isocyanate gave after recrystallisation from 
2-propanol, the title compound as pale yelloW crystals m.p.: 
242° C. Analysis for C23H22FN3O2: Calculated: C,70.57;H, 
5.66;F,4.85;N,10.73; Found:C,70.57;H,5.63;F,4.66;N, 
10.83%. 

Example 18 

Trans-2-butyl-5 -(4-hydroxyphenyl)-5 ,6, 11 ,11 a 
tetrahydro-1H-imidaZo[1‘,5‘: 1 ,6] pyrido [3,4-b] 

indole- 1,3(2H)-dione 

The same method as employed in the preparation of 
Example 1 but starting from Intermediate 29 and butyl 
isocyanate gave after recrystallisation from 2-propanol/ 
Water, the title compound as White crystals m.p.: 259° C. 
Analysis for C23H23N3O3: Calculated: C,70.93;H,5.95;N, 
10.79; Found:C,70.41 ;H,6.04;N, 10.63%. 

Example 19 

Cis-2-butyl-5 -(4-tri?uoromethylphenyl)-5 ,6, 11 ,11 a 
tetrahydro-1H-imidaZo [1 ‘,5‘: 1,6]pyrido[3,4-b] 

indole- 1,3(2H)-dione 

The same method as employed in the preparation of 
Example 1 but starting from Intermediate 12 and butyl 
isocyanate gave after recrystallisation from methanol/Water, 
the title compound as pale yelloW crystals m.p.: 232° C. 
Analysis for C24H22F3N3O2: Calculated: C,65.30;H,5.02;F, 
12.91;N,9.52; Found:C,65.29;H,5.05;F,12.56;N,9.37%. 

Example 20 

Cis-2-butyl-5-(4-cyanophenyl)-5,6,11 ,1 1a 
tetrahydro-1H-imidaZo[1‘,5‘: 1 ,6] pyrido [3,4-b] 

indole- 1,3(2H)-dione 

The same method as used in the preparation of Example 
1 but starting from Intermediate 14 and butyl isocyanate 
gave after recrystallisation from 2-propanol, the title com 
pound as White crystals m.p.: 260° C. Analysis for 
C24H22N4O2: Calculated: C,72.34;H,5.57;N,14.06; 
Found:C,72.30;H,5.59;N,14.08%. 
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Example 21 

Trans-2-butyl-5-(4-cyanophenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo[1‘,5‘:1,6] pyrido[3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 15 and butyl 
isocyanate gave after recrystallisation from diethyl ether/ 
cyclohexane, the title compound as White crystals m.p.: 158° 
C.Analysis for C24H22N4O2: Calculated: C,72.34;H,5.57;N, 
14.06; Found:C,72.40;H,5.56;N,13.95%. 

Example 22 

Cis-2-butyl-5 -(4-nitrophenyl) -5 ,6,1 1, 11 a-tetrahydro 
1H-imidaZo[1‘,5‘: 1 ,6]pyrido [3,4-b]indole-1 ,3(2H) 

dione and 

Trans-2-butyl-5-(4-nitrophenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo[1‘,5‘:1,6] pyrido[3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from a mixture of Intermediates 16 
and 17 and butyl isocyanate gave the cis isomer as yelloW 
crystals after recrystallisation from methanol m.p.: 236° C. 
Analysis for C23H22N4O4: Calculated: C,66.02;H,5.30;N, 
13.39; Found:C,65.82;H,5.36;N,13.25%. 
and the trans isomer as yelloW crystals after recrystallisation 
from 2-propanol m.p.: 206° C. Analysis for C23H22N4O4: 
Calculated: C,66.02;H,5.30;N,13.39; Found:C,66.12;H, 
5.38;N,13.28%. 

Example 23 

Cis-2-butyl-5-(3-pyridyl)-5,6,11,11a-tetrahydro-1H 
imidaZo[1‘,5‘:1,6]pyrido [3,4-b]indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 18 and butyl 
isocyanate gave after recrystallisation from 2-propanol, the 
title compound as White crystals m.p.: 257—263° C. Analysis 
for C22H22N4O2: Calculated: C,70.57;H,5.92;N,14.96; 
Found:C,70.38;H,6.07;N,14.88%. 

Example 24 

Cis-2-butyl-5 -(3 -thienyl)-5 ,6,11 ,1 1a-tetrahydro- 1H 
imidaZo[1‘,5‘: 1 ,6]pyrido [3,4-b ]indole-1 ,3(2H) -dione 

and 

Trans-2-butyl-5-(3thienyl)-5,6,11,11a-tetrahydro1H 
imidaZo[1‘,5‘:1,6] pyrido[3,4-b]indole1,3(2H)-dione 

The same method as employed in the preparation of 
Example 1 but starting from a mixture of Intermediates 20 
and 21 and butyl isocyanate gave the cis isomer as White 
crystals after recrystallisation from 2-propanol m.p.: 
219—221° C. Analysis for C21H21N3O2S: Calculated: 
C,66.47;H,5.58;N,11.07;S,8.45; Found:C,66.13;H,5.68;N, 
11.00;S,8.27%. 
and the trans isomer as White crystals after recrystallisation 
from ethyl acetate m.p.: 240—242° C. Analysis for 
C21H21N3O2S: Calculated: C,66.47;H,5.58;N,11.07;S,8.45; 
Found:C,66.68;H,5.69;N,11.05;S,8.56%. 

Example 25 

Cis-2-butyl-5-(3-furyl)-5,6,11,11a-tetrahydro-1H 
imidaZo[1‘,5‘:1,6]pyrido [3,4-b]indole-1,3(2H)-dione 

and 

Trans-2-butyl-5-(3-furyl)-5,6,11,11a-tetrahydro-1H 
imidaZo[1‘,5‘:1,6]pyrido[3,4-b]indole-1,3(2H)-dione 

The same method but starting from a mixture of cis and 
trans isomers Intermediate 22 and butyl isocyanate gave the 
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cis isomer as White crystals after recrystallisation from 
toluene m.p.: 155—160° C. Analysis for C21H21N3O3: Cal 
culated: C,69.41;H,5.82;N,11.56; Found:C,69.44;H,5.86;N, 
11.52%. 
and the trans isomer as pale yelloW crystals after recrystal 
lisation from ethanol m.p.: 215—219° C. Analysis for 
C21H21N3O3: Calculated: C,69.41;H,5.82;N,11.56; 
Found:C;69.43;H,5.73;N,11.46%. 

Example 26 

Cis-2-cyclohexyl-5-(4-methoxyphenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo [1‘,5‘:1,6] pyrido[3,4-b] 

indole-1,3(2H)-dione and 

Trans-2-cyclohexyl-5 -(4-methoxyphenyl)-5 ,6,11 , 
1 1a-tetrahydro- 1H-imidaZo [1 ‘,5‘ : 1 ,6] pyrido[3,4-b] 

indole- 1,3(2H)-dione 

The same method as employed in the preparation of 
Example 1 but starting from a mixture of Intermediates 3 
and 4 and cyclohexyl isocyanate gave the cis isomer as White 
crystals after recrystallisation from ethanol m.p.: 250—260° 
C. Analysis for C26H27N3O3: Calculated: C,72.71;H,6.34;N, 
9.78; Found:C,72.73;H,6.39;N,9.63%. 
and the trans isomer as White crystals after recrystallisation 
from 2-propanol m.p.: 265—269° C. Analysis for 
C26H27N3O3: Calculated: C,72.71;H,6.34;N,9.78; Found:C, 
72.82;H,6.38;N,9.69%. 

Example 27 

Cis-2-cyclohexyl-9-?uoro -5 -(4-methoxyphenyl) -5 ,6, 
1 1, 11 a-tetrahydro-1H-imidaZo[1‘,5‘: 1 ,6] pyrido[3,4 

b]indole-1 ,3(2H) -dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 8 and cyclohexyl 
isocyanate gave after recrystallisation from methanol, the 
title compound as White crystals m.p.: 275—278° C. Analysis 
for C26H26FN3O3: Calculated: C,69.78;H,5.86;N,9.39; 
Found:C,69.75;H,5.85;N ,8.96%. 

Example 28 

Trans-2-cyclohexyl-9-?uoro-5-(4-methoxyphenyl) 
5,6,1 1, 11 a-tetrahydro-1H-imidaZo[1‘,5‘: 1 ,6] pyrido 

[3,4-b ]indole-1 ,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 9 and cyclohexyl 
isocyanate gave after recrystallisation from ethanol, the title 
compound as White crystals m.p.: 265—267° C. Analysis for 
C26H26FN3O3: Calculated: C,69.78;H,5.86;N,9.39; 
Found:C,69.71;H,5.91 ;N,9.37%. 

Example 29 

Trans-2-benZyl-5-phenyl-5,6,1 1, 11 a-tetrahydro-1H 
imidaZo[1‘,5‘: 1 ,6]pyrido [3,4-b]indole- 1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from trans methyl 1,2,3,4-tetrahydro 
1-phenyl9H-pyrido[3,4-b]indole-3-carboxylate1 and benZyl 
isocyanate gave after recrystallisation from diethyl ether, the 
title compound as White crystals m.p.: 200—202° C. Analysis 
for C26H21N3O2: Calculated: C,76.64;H,5.19;N,10.31; 
Found:C,76.75;H,5.18;N,10.23%. 

1. Cook J ., Sandrin J. and Soerens D., Heterocycles,4, no. 
7, 1249—1255 (1976). 
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Example 30 

Cis-2-benZyl-5-(4-methoxyphenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo[1‘,5‘: 1,6] pyrido [3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 3 and benZyl 
isocyanate gave after recrystallisation from ethanol, the title 
compound as pale yelloW crystals m.p.: 240—243° C. Analy 
sis for C27H23N3O3: Calculated: C,74.13;H,5.30;N,9.60; 
Found:C,74.13;H,5.31 ;N,9.58%. 

Example 31 

Trans-2-benZyl-5-(4-methoxyphenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo[1‘,5‘: 1,6] pyrido [3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 4 and benZyl 
isocyanate gave after recrystallisation from 2-propanol, the 
title compound as White crystals m.p.: 208—212° C. Analysis 
for C27H23N3O3: Calculated: C,74.13;H,5.30;N,9.60; 
Found:C,74.25;H,5.47;N,9.49%. 

Example 32 

(5 R,1 1aR) -2-benZyl-5 -(3,4-methylenedioxyphenyl) 
5,6,11 , 11 a-tetrahydro- 1H-imidaZo [1‘,5‘ : 1 ,6]pyrido 

[3,4-b]indole- 1 ,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 23 and benZyl 
isocyanate, gave after recrystallisation toluene, the title 
compound as White crystals m.p.: 145° C. Analysis for 
C27H21N3O4: Calculated: C,71.83;H,4.69;N,9.31; Found:C, 
71.47;H,4.74;N,9.28%. 

Example 33 

Trans-2-benZyl-5-(4-hydroxyphenyl)-5,6,11,11a 
tetrahydro-1H-imidaZo [1‘,5 ‘:1,6] pyrido [3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 29 and benZyl 
isocyanate gave after recrystallisation from methanol, the 
title compound as White crystals m.p.: 268—272° C. Analysis 
for C26H21N3O3: Calculated: C,73.74;H,5.00;N,9.92; 
Found:C,73.63;H,5.09;N,10.02%. 

Example 34 

Trans-2-(2-chloroethyl) -5 -(4-methoxyphenyl)-5 ,6, 
11 ,1 1a-tetrahydro- 1H-imidaZo [1 ‘,5‘ : 1 ,6] pyrido[3,4 

b]indole-1 ,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 4 and 
2-chloroethyl isocyanate, gave after recrystallisation from 
diethyl ether/hexane, the title compound as White crystals 
m.p.: 218—219° C. Analysis for C22H2OClN3O3: Calculated: 
C,64.47;H,4.92;Cl,8.65;N,10.25; Found:C,64.44;H,4.98;Cl, 
8.81;N,10.20%. 

Example 35 

Cis-2-benZyl-5-cyclohexyl-5,6,11,11a-tetrahydro 
1H-imidaZo[1‘,5‘:1,6] pyrido[3,4-b]indole-1,3(2H) 

dione 

The same method as employed in the preparation of 
Example 1 but starting from cis methyl 1,2,3,4-tetrahydro-1 
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-cyclohexyl-9H-pyrido[3,4-b]indole-3-carboxylate1 and 
benZyl isocyanate gave after recrystallisation from 
methanol, the title compound as White crystals m.p.: 
170—173° C. Analysis for C26H27N302: Calculated: 
C,75.52;H,6.58;N,10.16; Found:C,75.63;H,6.48;N,9.75%. 

1. Cook J ., Sandrin J. and Soerens D., Heterocycles, 4, no 
7, 1249—1255 (1976). 

Example 36 

Trans-2-benZyl-5-cyclohexyl-5,6,11,11a-tetrahydro 
1H-imidaZo[1‘,5‘:1,6] pyrido[3,4-b]indole-1,3(2H) 

dione 

The same method as employed in the preparation of 
Example 1 but starting from trans methyl 1,2,3,4-tetrahydro 
1-cyclohexyl-9H-pyrido[3,4-b]indole-3-carboxylate1 and 
benZyl isocyanate gave after recrystallisation from 
methanol, the title compound as White crystals m.p.: 
130—135° C. Analysis for C26H27N302: Calculated: 
C,75.52;H,6.58;N,10.16; 

Found:C,75.74;H,6.67, N,9.94%. 
1. Cook 1., Sandrin J. and Soerens D., Heterocycles, 4, no 

7, 1249—1255 (1976). 

Example 37 

Trans-2-butyl-5 -phenyl-5 ,6,11 ,1 1a-tetrahydro- 1H 
imidaZo[1‘,5‘: 1,6]pyrido[3,4-b]indole-1 ,3(2H) -dione 

The same method as employed in the preparation of 
Example 1 but starting from trans methyl 1,2,3,4-tetrahydro 
1-phenyl-9H-pyrido[3,4-b]indole-3-carboxylate and butyl 
isocyanate gave after recrystallisation from 2-propanol, the 
title compound as White crystals m.p.: 240—243° C. Analysis 
for C23H23N302: Calculated: C,73.97;H,6.21;N,11.25; 

Found:C,73.95;H,6.32;N, 1.28%. 

Example 38 

Trans-2-cyclohexyl-5 -phenyl-5 ,6, 11 ,11 a-tetrahydro 
1H-imidaZo[1‘,5‘; 1 ,6] pyrido [3,4-b]indole- 1,3(2H) 

dione 

The same method as employed in the preparation of 
Example 1 but starting from trans methyl 1,2,3,4-tetrahydro 
1-phenyl-9H-pyrido[3,4-b]indole-3-carboxylate and cyclo 
hexyl isocyanate gave after recrystallisation from methanol, 
the title compound as White crystals m.p.: 248—250° C. 

Analysis for C25H25N302: Calculated: C,75.16;H, 
6.31;N,10.52; Found:C,75.23;H,6.33;N,10.60%. 

Example 39 

Cis-2-cyclohexyl-5 -phenyl-5 ,6, 11 ,11 a-tetrahydro 
1H-imidaZo[1‘,5‘: 1 ,6] pyrido [3,4-b]indole- 1,3(2H) 

dione 

The same method as employed in the preparation of 
Example 1 but starting from cis methyl 1,2,3,4-tetrahydro 
1-phenyl-9H-pyrido[3,4-b]indole-3-carboxylate and cyclo 
hexyl isocyanate gave after recrystallisation from methanol, 
the title compound as White crystals m.p.: 267—270° C. 
Analysis for C25H25N302: Calculated: C,75.16;H,6.31 
;N,10.52; Found:C,75.20;H,6.33;N,10.52%. 

Example 40 

Trans-2-ethoxycarbonylmethyl-5-(4 
methoxyphenyl)-5,6,11,11a-tetrahydro-1H-imidaZo 

[1‘,5‘:1,6] pyrido [3,4-b]indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 1 but starting from Intermediate 4 and ethyl 

1O 
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22 
isocyanatoacetate gave after recrystallisation from ethanol, 
the title compound as White crystals m.p.: 165—167° C. 
Analysis for C24H23N305: Calculated: C,66.50;H,5.35;N, 
9.69; Found:C,66.66;H,5.32;N,9.66%. 

Example 41 

Trans-5 -(4-methoxyphenyl)-2-[2-(2-pyridyl) -ethyl] 
5,6,11 ,1 1 a-tetrahydro- 1H-imidaZo[1‘,5‘:1,6]pyrido[3, 

4-b]indole- 1,3(2H)-dione 
To a stirred solution of carbonyl diimidaZole (0.28 g, 1.72 

mmol) in dry tetrahydrofuran (5 mL), Was added dropWise 
a solution of 2-(2-aminoethyl)pyridine (0.205 g, 1.68 mmol) 
in tetrahydrofuran (3 mL) and the solution Was stirred at 
room temperature for 0.5 hour. Then, a solution of Interme 
diate 4 (0.5 g, 1.43 mmol) in dry tetrahydrofuran (7 mL) Was 
added and the resulting solution Was re?uxed for 20 hours. 
The solvant Was removed under reduced pressure and the 
residue Was dissolved in dichloromethane (50 mL). The 
solution Was Washed three times With Water (3x20 mL), 
dried over Na2SO4 and concentrated. The residue Was then 
puri?ed by ?ash chromatography eluting With 
dichloromethane/methanol: 99/1 and recrystallised from 
ethanol/Water to give the title compound (0.35 g) as White 
crystals m.p.: 140—143° C. Analysis for C27H24N403: 
Calculated: C,71.67;H,5.35;N,12.38; 

Found:C,71.87;H,5.41 ;N,12.28%. 

Example 42 

Trans-2-cyclopropyl-5 -phenyl-5,6,11 ,1 1a-tetrahydro 
1H-imidaZo[1‘,5‘: 1 ,6] pyrido[3,4-b]indole-1 ,3(2H) 

dione 

The same method as employed in the preparation of 
Example 41 but starting from trans methyl 1,2,3,4 
tetrahydro-1-phenyl-9H-pyrido[3,4-b]indole-3-carboxylate 
and cyclopropylamine gave after recrystallisation from 
ethanol, the title compound as White crystals m.p.: 250—255° 
C. Analysis for C22H19N302: Calculated: C,73.93;H, 
5.36;N,11.76; Found:C,73.84;H,5.45;N, 11.63%. 

Example 43 

Trans -2-phenethyl-5 -phenyl-5 ,6,1 1 ,11 a-tetrahydro 
1H-imidaZo[1‘,5‘: 1 ,6] pyrido[3,4-b]indole-1 ,3(2H) 

dione 

The same method as employed in the preparation of 
Example 41 but starting from trans methyl 1,2,3,4 
tetrahydro1 -phenyl-9H-pyrido[3,4-b]indole-3-carboxylate 
and phenethylamine gave after recrystallisation from diethyl 
ether, the title compound as White crystals m.p.: 240—242° C. 
Analysis for C27H23N302: Calculated: C,76.94;H,5.50;N, 
9.97; Found:C,77.20;H,5.65;N,10.05%. 

Example 44 

Trans-5 -phenyl-2-(2-pyridylmethyl)-5 ,6, 11 ,11 a 
tetrahydro-1H-imidaZo [1‘,5‘ : 1 ,6]pyrido[3,4-b] 

indole-1 ,3(2H) -dione 

The same method as employed in the preparation of 
Example 41 but starting from trans methyl 1,2,3,4 
tetrahydro-1-phenyl-9H-pyrido[3,4-b]indole-3-carboxylate 
and 2-(aminomethyl) pyridine, gave after recrystallisation 
from methanol, the title compound as White crystals m.p.: 
165—175° C. Analysis for C25H20N402: Calculated: 
C,73.51 ;H,4.94;N,13.72; Found:C,73.46;H5.29;N,13.84%. 
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Example 45 

Trans-5-phenyl-2-(4-pyridylmethyl)-5,6,11,11a 
tetrahydro-1H-imidaZo [1‘,5‘:1,6]pyrido[3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 41 but starting from trans methyl 1,2,3,4 
tetrahydro-1-phenyl-9H-pyrido[3,4-b]indole-3-carboxylate 
and 4-(aminomethyl) pyridine, gave after recrystallisation 
from methanol, the title compound as White crystals m.p.: 
247—249° C. Analysis for C25H20N402: Calculated: 
C,73.51;H,4.94;N,13.72; Found:C,73.41;H,4.98;N,13.62%. 

Example 46 

Trans-5-(4-methoxyphenyl)-2-(3-pyridylmethyl)-5,6, 
11,11a-tetrahydro-1H-imidaZo[1‘,5‘:1,6]pyrido[3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 41 but starting from Intermediate 4 and 
3-(aminomethyl) pyridine, gave after recrystallisation from 
ethanol, the title compound as White crystals m.p.: 160—165° 
C. Analysis for C26H22N403: Calculated: C,71.22;H, 
5.06;N,12.78; Found:C,71.12;H,5.15;N,12.59%. 

Example 47 

Trans-2-(2-dimethylamino-ethyl)-5-(4 
methoxyphenyl)-5,6,11,11a-tetrahydro-1H-imidaZo 

[1‘,5‘:1,6]pyrido [3,4-b]indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 41 but starting from Intermediate 4 and N,N 
dimethyl-ethane-1,2-diamine, gave after recrystallisation 
from ethanol/Water, the title compound as pale yelloW 
crystals m.p.: 120—124° C. Analysis for C24H26N403: 
Calculated: C,68.88;H,6.26;N,13.39; Found:C,68.91;H, 
6.43.N,13.23%. 

Example 48 

Trans-2-(3-dimethylamino-propyl)-5-(4 
methoxyphenyl)- 5,6,11,11a-tetrahydro-1H-imidaZo 

[1‘,5‘:1,6] pyrido [3,4-b]indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 41 but starting from Intermediate 4 and N,N 
dimethyl-propane-1,3-diamine, gave after recrystallisation 
from ethyl acetate/hexane, the title compound as White 
crystals m.p.: 159—161° C. Analysis for C25H28N403: 
Calculated: C,69.42;H,6.53;N,12.95; Found:C,68.89;H, 
6.60;N,12.91%. 

Example 49 

Trans-2-(2-morpholin-4-yl-ethyl)-5-phenyl-5,6,11, 
11a-tetrahydro-1H-imidaZo[1‘,5‘:1,6] pyrido [3,4-b] 

indole-1,3(2H)-dione 
The same method as employed in the preparation of 

Example 41 but starting from trans methyl 1,2,3,4 
tetrahydro-1-phenyl-9H-pyrido[3,4-b]indole-3-carboxylate 
and 2-morpholin4-yl-ethylamine, gave after recrystallisation 
from ethanol, the title compound as White crystals m.p.: 
183—185° C. Analysis for C25H26N403: Calculated: 
C,69.75;H,6.09;N,13.01; Found:C,69.68;H,6.17;N,12.80%. 

Example 50 

Trans-5-(4-methoxyphenyl)-2-[3-(4-methyl 
piperaZin-1-yl)-propyl]-5,6,11,11a-tetrahydro-1H 
imidaZo[1‘,5‘:1,6] pyrido [3,4-b]indole-1,3(2H) 

dione 

The same method as employed in the preparation of 
Example 41 but starting from Intermediate 4 and 3-(4 
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24 
methyl-piperaZin-1-yl)propylamine, gave after recrystallisa 
tion from ethanol/Water, the title compound as White crystals 
m.p.: 164—168° C. Analysis for C28H33N503 (0.5 H20): 
Calculated: C,67.72;H,6.9;N,14.1; Found:C,67.85;H, 
6.75;N,14.13%. 

Example 51 

Trans-5 -(4-methoxyphenyl)-2-(2-pyrrolidin- 1-yl 
ethyl)-5,6,11 ,1 1 a-tetrahydro- 1H-imidaZo[1‘,5‘: 1,6] 

pyrido [3,4-b ]indole-1 ,3(2H)-dione 
The same method as employed in the preparation of 

Example 41 but starting from Intermediate 4 and 
2-pyrrolidin-1-yl-ethylamine, gave after recrystallisation 
from ethanol/Water, the title compound as White crystals 
m.p.: 126—130° C. Analysis for C26H28N403: Calculated: 
C,70.25;H,6.35;N,12.60; Found:C,69.99;H,6.35;N,12.50%. 

Example 52 

Trans-5-(4-methoxyphenyl)-2-[2-(1-methyl 
pyrrolidin-2-yl)-ethyl]-5,6,11,11a-tetrahydro -1H 
imidaZo[1‘,5‘: 1,6] pyrido [3,4-b]indole-1,3(2H) 

dione 

The same method as employed in the preparation of 
Example 41 but starting from Intermediate 4 and 2-(1 
methyl-pyrrolidin-2-yl)-ethylamine, gave after recrystallisa 
tion from methanol, the title compound as White crystals 
m.p.: 170—180° C. Analysis for C27H30N403: Calculated: 
C,70.72;H,6.59;N,12.22; Found:C,70.86;H,6.62;N,12.41%. 

Example 53 

Trans-5-(4-methoxyphenyl)-5,6,11,11a-tetrahydro 
1H-imidaZo[1‘,5‘:1,6] pyrido [3,4-b]indole-1,3 (2H) 

dione 

A mixture of Intermediate 4 (0.5 g, 1.48 mmol) and urea 
(0.1 g) Was heated at 220° C. for a feW minutes. The reaction 
Was then cooled to room temperature and the solid sus 
pended in methanol, ?ltered then recrystallised from hot 
methanol to give the title compound as off-White crystals 
m.p.: 295—305° C. Analysis for C20H17N303: Calculated: 
C,69.15;H,4.93;N,12.10; Found:C,68.87;H,4.95;N, 12.00%. 

Example 54 

Cis-5 -(4-methoxyphenyl) -5 ,6,11 , 11 a-tetrahydro- 1H 
imidaZo[1‘,5‘: 1 ,6] pyrido [3,4-b]indole-1 ,3 (2H) 

dione 

The same method as employed in the preparation of 
Example 53 but starting from Intermediate 3 and urea, gave 
after recrystallisation from methanol, the title compound as 
pale yelloW crystals m.p.: 300—310° C. Analysis for 
C20H17N303: Calculated: C,69.15;H,4.93;N,12.10; 
Found:C,68.90;H,4.91 ;N,11.98%. 

TABLETS FOR ORAL ADMINISTRATION 
A. Direct Compression 

1. mg/tablet 

Active ingredient 50.0 
Crospovidone USNF 8.0 
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FILM COATED TABLETS 

'Connnued The aforementioned tablet formulations Were ?lm coated. 

1. mg/tablet 

Magnesium Stearate Ph Eur 1.0 5 

Anhydrous Lactose 141.0 Coating Suspension % W/W 

Opadry White“? 13.2 
The active ingredient Was sieved and blended With the Puri?ed Water Ph Eur to loo-0* 

eXClplents' The resultant mlX Was Compressed Into tablets‘ 10 *The Water did not appear in the ?nal product. The maximum theoretical 
Weight of solids applied during coating Was 20 mg/tablet. 
TOpadry White is a proprietary material obtainable from Colorcon Limited, 
UK Which contains hydroxypropyl methylcellulose, titanium dioxide and 

2- mg /tablet triacetin. 

Active ingredient 500 15 The tablets Were ?lm coated using the coating suspension 
Colloidal Silicon Dioxide 0.5 in conventional ?lm coating equipment. 
Crospovidone 8.0 
Sodium Lauryl Sulphate 1.0 CAPSULES 
Magnesium Stearate Ph Eur 1.0 
Microcrystalline Cellulose USNF 139.5 

20 

The active ingredient Was sieved and blended With the 1' “lg/Capsule 

excipients. The resultant mix Was compressed into tablets. Active ingredient 50.0 
Lactose 148.5 

B‘ WET GRANULATION Polyvinyl pyrollidone 100.0 
25 Magnesium Stearate 1.5 

1- mg/tablet The active ingredient Was sieved and blended With the 

Active ingredient 500 excipients. The mix Was ?lled into siZe No. 1 hard gelatin 
Polyvinyl pyrollidone 150.0 30 capsules using suitable equipment. 
Polyethylene glycol 50.0 
Polysorbate 80 10.0 
Magnesium Stearate Ph Eur 2.5 
Croscarmellose Sodium 25.0 
Colloidal Silicon Dioxide 2.5 2- “lg/Capsule 

Microcrystalline Cellulose USNF 210.0 35 Active ingredient 50.0 

Microcrystalline Cellulose 233.5 
_ _ Sodium Lauryl Sulphate 3.0 

The polyvinyl pyrollidone, polyethylene glycol and Crospovidone 12.0 
polysorbate 80 Were dissolved in Water. The resultant solu- Magnesium Stearate 1-5 

tion Was used to granulate the active ingredient. After drying 40 

the granules Were screened, then extruded at elevated tem- The active ingredient Was sieved and blended With the 
peratures and pressures. The eXtrudate Was milled and/0r excipients. The mix Was ?lled into siZe No. 1 hard gelatin 
screened then Was blended With the microcrystalline capsules using suitable equipment. 
cellulose, croscarmellose sodium, colloidal silicon dioxide Other doses may be prepared by altering the ratio of active 
and magnesium stearate. The resultant mix Was compressed 45 ingredient to excipient, the ?ll Weight and if necessary 
into tablets. changing the capsule siZe. 

2. rng/tablet 50 3. mg/capsule 

Active ingredient 50.0 Active ingredient 50.0 
Polysorbate 8O 3_O Labra?l M1944CS to 1.0 ml 
Lactose Ph Eur 178.0 
Starch BP 45.0 

Pregelatinised Maize Starch 131’ 22-5 55 The active ingredient Was sieved and blended With the 
Magneslum Stearate BP 1'5 Labra?l. The suspension Was ?lled into soft gelatin capsules 

using appropriate equipment. 
The active ingredient Was sieved and blended With the Inhibitory effect on CGMPPDE 

lactose starch and re elatinised maiZe starch. The 01 sor- _ _ _ 
’ . p . . p y 60 cGMP-PDE activity of compounds of the present inven 

bate 80 Was dissolved in puri?ed Water. Suitable volumes of . . 
th 1 b t 80 1 t. dd d d th d tion Was measured using a one-step assay adapted from 

6 p0 ysorl a Z Afso 1:110? Werhe a 6 Ian 6 POW erg Wells at al. (Wells, J. N., Baird, C. E., Wu, Y. J. and 
wegilgregl‘iiat?? h m rYm_g> t e granuTeE were slcreene Hardman, J. 6., Biochim. Biophys. Acta 384, 430 (1975)). 
an en 6 Wu e magneslum Stearate‘ e granu 65 Were The reaction medium contained 50 mM Tris-HCl,pH 7.5, 5 

then Compressed mto tablets‘ 65 mM Mg-acetate, 250 pig/ml 5‘-Nucleotidase, 1 mM EGTA 
Tablets of other strengths may be prepared by altering the 

ratio of active ingredient to the other excipients. 
and 0.15 pM 8-[H3]-cGMP. The enZyme used Was a human 
recombinant PDE V (ICOS, Seattle USA). 



US 6,218,400 B1 
27 

Compounds of the invention Were dissolved in DMSO 
?nally present at 2% in the assay. The incubation time Was 
30 minutes during Which the total substrate conversion did 
not exceed 30%. 

The IC5O values for the compounds examined Were deter 
mined from concentration-response curves using typically 
concentrations ranging from 10 nM to 10 pM. Tests against 
other PDE enZymes using standard methodology also 
shoWed that compounds of the invention are highly selective 
for the cGMP speci?c PDE enZyme. 

cGMP level measurements 

Rat aortic smooth muscle cells (RSMC) prepared accord 
ing to Chamley et al. in Cell Tissue Res. 177, 503—522 
(1977) Were used betWeen the 10th and 25th passage at 
con?uence in 24-Well culture dishes. Culture media Was 
aspirated and replaced With PBS (0.5 ml) containing the 
compound tested at the appropriate concentration. After 30 
minutes at 37° C., particulates guanylate cyclase Was stimu 
lated by addition of ANF (100 nM) for 10 minutes. At the 
end of incubation, the medium Was WithdraWn and tWo 
extractions Were performed by addition of 65% ethanol 
(0.25 ml). The tWo ethanolic extracts Were pooled and 
evaporated until dryness, using a Speed-vac system. c-GMP 
Was measured after acetylation by scintillation proximity 
immunoassay (AMERSHAM). The EC5O values are 
expressed as the dose giving half of the stimulation at 
saturating concentrations 

Biological data 

The compounds according to the present invention Were 
typically found to exhibit an lC5O value of less than 500 nM 
and an EC5O value of less than 5 pM. In vitro test data for 
representative compounds of the invention is given in the 
folloWing table: 

TABLE 1 

In vitro results 

Example No. IC50 nM EC5U ,uM 

10 4 <1 

26 (cis isomer) 7 0.3 
1 (cis isomer) <10 0.3 

32 <10 0.2 

The hypotensive effects of compounds according to the 
invention as identi?ed in Table 2 Were studied in conscious 
spontaneously hypertensive rats (SHRs). The compounds 
Were administered orally at a dose of 5 or 10 mg/kg in a 
mixture of 5% DMF and 95% olive oil, or iv. at a dose of 
10 mg/kg in a mixture of 40% dimethylformamide, 25% 
tetraglycol, and 25% glucose serum. Blood pressure Was 
measured from a catheter inserted in the carotid artery and 
recorded for 5 hours after administration. The results are 
expressed as Area Under the Curve (AUC from 0 to 5 hours, 
mmHg.hour) of the fall in blood pressure over time. 

TABLE 2 

In vivo results 

Example No. AUC (mmHg - h) 

10 

26 (cis isomer) 
147 (dosed at 10 mg/kg i.v.) 
117 (dosed at 10 mg/kg i.v.) 
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TABLE 2-continued 

In vivo results 

Example No. AUC (mmHg - h) 

1 (cis isomer) 
32 

104 (dosed at 5 mg/kg p.o.) 
65 (dosed at 5 mg/kg p.o.) 

What is claimed is: 
1. A method of treating conditions Where inhibition of 

cGMP-speci?c PDE is of therapeutic bene?t, in a human or 
nonhuman animal body, Which comprises administering to 
said body a therapeutically effective amount of a compound 
having a formula 

and salts and solvates thereof, in Which: 

R0 represents hydrogen, halogen, or C1_6alkyl; 
R1 is selected from the group consisting of: 

(a) hydrogen; 
(b) C1_6alkyl optionally substituted by one or more 

substituents selected from phenyl, halogen, 
—CO2R“ and —NR“Rb; 

(c) C3_6-cycloalkyl; 
(d) phenyl; and 
(e) a 5- or 6-membered heterocyclic ring selected from 

the group consisting of pyridyl, morpholinyl, 
piperaZinyl, pyrrolidinyl, and piperidinyl, and being 
optionally substituted by one or more C1_6alkyl, and 
optionally linked to the nitrogen atom to Which R1 is 
attached via C1_6alkyl; 

R2 is selected from the group consisting of: 
(f) phenyl optionally substituted by one or more sub 

stituents selected from —OR“, —NR“Rb, halogen, 
hydroxy, tri?uoromethyl, cyano, and nitro; 

and R“ and Rb independently represent hydrogen or 
C1_6alkyl. 

2. The method of claim 1 Wherein the condition is selected 
from the group consisting of stable, unstable and variant 
angina, hypertension, pulmonary hypertension, chronic 
obstructive pulmonary disease, congestive heart failure, 
renal failure, atherosclerosis, a condition of reduced blood 
vessel patency, peripheral vascular disease, a vascular 
disorder, an in?ammatory disease, stroke, bronchitis, 
chronic asthma, allergic asthma, allergic rhinitis, glaucoma, 
erectile dysfunction, and a disease characteriZed by a dis 
order of gut motility. 

3. The method of claim 1 Wherein R1 is optionally 
substituted C1_6alkyl or optionally substituted 
C3_6cycloalkyl. 

4. The method of claim 1 Wherein R2 is selected from the 
group consisting of phenyl optionally substituted With 
methoxy, chloro, ?uoro, hydroxy, tri-?uoromethyl, cyano, 
and nitro. 
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